| MATERIAL S AND ME THODS

| Fish sampling
The two Cyprinidae were obtained from a fishpond at the Fresh Water Fishery Research Institute in Shandong Province, China Shan et al., 2018; Zhu et al., 2016) . The fish were kept in a glass aquarium with water recirculation and filtration equipment, and they were allowed to acclimatize to laboratory conditions for 2 weeks before the blood samples were taken. The fish were fed with commercial food twice a day and were kept at 25°C with a natural photoperiod. Each fish weighed 300-490 g and measured 18-33 cm in length. A total of five of each cyprinid species were used for the experiment (Rey Vazquez & Guerrero, 2007; Ribeiro et al., 2007; Tripathi, Latimer, & Burnley, 2004) . Neither visible lesions nor gross abnormalities were observed in any of the fish in the experiment Zhang et al., 2015) .
| Blood smear preparation
Fish from each species were anaesthetized in water with 20 mg/L tricaine methane sulphonate . One milliliter of blood per fish was collected from the cauda using a 1 ml syringe pretreated by EDTA as anticoagulant and smears were made and air-dried. For each test, ten blood smears per fish were prepared and performed with every stain (Bricker, Raskin, & Densmore, 2012; Tripathi et al., 2004; Zheng et al., 2017) .
| Diff-Quick stain
For the Diff-Quick stain, freshly prepared smears were fixed in solution A (containing ethanol) for 20 s, transferred to solution I for 10 s, placed in solution II for 20 s and washed under running tap water for more than 1 min according to the protocol of the Diff-Quick stain (Solarbio G1540, Beijing, China) . The smears were air-dried, covered with a neutral mountant and examined under oil immersion (Hart et al., 1992; Irizarry-Rovira, Wolf, Bolek, Christian, & Denicola, 2002; Tripathi et al., 2004) .
| Cytochemical stain
For the cytochemical investigations, the air-dried smears were processed using cytochemistry commercial kits. These kits included acid phosphatase (ACP, Sunbio508N, Shanghai, China), alkaline phosphatase (ALP, Sunbio507N, Shanghai, China), naphthol AS chloroacetate esterase (AS-DNCE, Sunbio509N, Shanghai, China), naphthyl acetate esterase (NAE, Sunbio511N, Shanghai, China), ɑ-naphthyl butyrate esterase (NBE, Sunbio510N, Shanghai, China), myeloperoxidase (MPO, Sunbio506N, Shanghai, China) and periodic acid-Schiff (PAS, Sunbio512N, Shanghai, China). All the kits were used according to the manufacturer instructions with minor modifications (CaxtonMartins, 1979; Clark, 2012; Ribeiro et al., 2007; Sarah Shigdar & Alister, 2009 ). The following procedures were adopted.
For the ACP stain, the air-dried sections were fixed in acetone and formaldehyde for 30 s at 4°C, rinsed in deionized water and incubated in a matrix for 90 min at 26°C. The matrix was prepared by dissolving solution I (containing naphthol AS-B1 phosphate disodium) and solution II (containing Para fuchsin hydrochloride) in solution III (containing acetate buffer solution pH 5.0). All the sections were examined after re-dyeing with haematoxylin for 2 min.
The procedure for ALP and the other three esterase stains was like ACP except that the matrix incubation time was 30 min.
For the ALP stain, the incubation matrix solution was mixed by dissolving solution I (containing Permanent Violet B) in solution II (containing α-naphthol sodium phosphate).
For the AS-DNCE stain, we dissolved solution I (containing naphthol AS-D chloroacetate, pH 7.2) and solution II (containing Para fuchsin hydrochloride) in solution III (containing phosphate buffer pH 7.3).
For the α-NAE, the matrix was prepared by dissolving solution I (containing α-naphthol acetate ester salt, pH 5.9) and solution II (containing fast blue B) in solution III (containing phosphate buffer pH 7.7).
For the α-NBE stain, the matrix was also prepared by dissolving solution I (containing α-naphthol butyrate ester salt, pH 6.8) and solution II (containing Permanent Violet B) in solution III (containing phosphate buffer pH 6.6).
For the PER stain, the fresh blood smears were fixed in solution I (containing ethanol,diaminobenzidine and sodium nitroferricyanide) for 1 min and were re-dyed in solution II (containing hydrogen peroxide) and mixed with solution I for 5 min at room temperature.
The samples were washed and re-stained with Wright's stain.
For glycogen localization, a periodic acid-Schiff (PAS) reaction was used in the blood cells. The dried blood smear was treated with 0.5% periodic acid for 5 min, rinsed with running water, covered with the Schiff's stain for 10 min and washed under running water for approximately 5 min. Finally, the samples were re-stained with haematoxylin for microscopic detection.
The samples were dehydrated by absolute ethanol, cleared in dimethyl benzene and covered with a neutral mountant for detection.
All the results were examined through a Leica microscope (DMR).
The digital images were attached and labelled using the imaging software, Adobe Illustrator CS6.
| Image process and IPP analysis
Stained smears of the two fish species were evaluated by examining about 200-300 leukocytes for absence and presence of every specific chromogen with light microscope using 100x obj.(0.75NA) scan settings. All digital images of each stain method were captured under identical exposure settings. Digital images were attached and labelled using imaging software Adobe Illustrator CS6.
For testing ACP, ALP and MPO activity in major leukocytes, the smear samples previously photographed were analysed using Image Pro Plus software (IPP, Media Cybernetics) to evaluate the staining intensity and scored for density mean and integrated optical density (IOD) by different experimenters independently for three times.
Numeric data from the above were analysed for statistically significant difference (unpaired t test) between the two species in monocytes, lymphocytes and heterophils in order to compare the enzyme activity in these two normal fish.
| RE SULTS
| Diff-Quick stain
In smears stained by Diff-Quick, nucleated erythrocytes, erythroblasts, proerythrocytes, smudge cells, heterophils, monocytes, lymphocytes, basophils and thrombocytes were identified in both cyprinid blood smears. Morphological analyses were carried out on the basis of the following criteria: the size of the cell and nucleus, the characteristics of nuclear morphology, the nuclear: cytoplasmic (N:C) ratio, the dispersion of the nucleus in the cell and the tinctorial properties that were used to identify blood cells of fish and other vertebrates (Juan, 2009; Sonia et al., 2007) .
The mature erythrocytes were present in the peripheral blood of crucian carp and grass carp,and they were oval in shape, with abundant, smooth cytoplasm and a central, oval-shaped condensed nucleus, which resemble their avian and reptilian counterpart (Figures 1i and 2i ).
The immature erythrocytes were also present in the two teleost blood smears, which indicated that some stages of developing erythrocytes were located not only in haemopoietic tissues but also in peripheral blood. Erythroblasts were circular with a large, central, (Figures 1a and 2a) .
The Diff-quick stain of blood cells from crucian carp (Carassius auratus). Thrombocyte (a), lymphocyte (b), heterophil (c), basophil (d), monocyte (e), erythroblast (f, g), proerythrocyte (h), mature erythrocyte (i) and smudge cell (j) are indicated. Scale bars = 10 μm F I G U R E 3 The cytochemical staining of Ctenopharyngodon idellus blood cells. Heterophils were strongly positive for MPO and PAS staining (c1, g1), weakly positive for ACP, ALP and AS-DNCE (a1, b1, d1) and negative for NAE and NBE (e1, f1); monocytes were strongly positive for PAS (g2), weakly positive for ACP and AS-DNCE (a2, d2) and negative for ALP, MPO, NAE and NBE (b2, c2, e2, f2); lymphocytes were weakly positive for ACP, ALP, MPO and PAS (a3, b3, c3, g3) and negative for AS-DNCE, NAE and NBE (d3, e3, f3); basophils were strongly positive for MPO and PAS (c4, g4), weakly positive for ACP, ALP and AS-DNCE (a4, b4, d4) and negative for NAE and NBE (e4, f4); erythrocytes were negative for ACP, ALP, MPO, AS-DNCE, NAE, NBE and PAS staining (a5, b5, c5, d5, e5, f5, g5); thrombocytes were weakly positive for MPO and PAS (c6, g6) and negative for ACP, ALP, AS-DNCE, NAE and NBE (a6, b6, d6, e6, f6); Scale bars = 10 μm. ACP: acid phosphatase; ALP: alkaline phosphatase; MPO: peroxidase; AS-DNCE: naphthol AS chloroacetate esterase; NAE: α-naphthyl acetate esterase; NBE: α-naphthyl butyrate esterase; PAS: periodic acid-Schiff 
The cytochemical staining of Carassius auratus blood cells. Heterophils were positive for ALP, AS-DNCE and PAS staining (b1, d1, g1), weakly positive for ACP and MPO (a1, c1) and negative for NAE and NBE (e1, f1); monocytes were positive for PAS (g2), weakly positive for ACP (a2) and negative for ALP, MPO, AS-DNCE, NAE and NBE (b2, c2, d2, e2, f2); lymphocytes were strongly positive for PAS (g3), weakly positive for ACP, ALP, and MPO (a3, b3, c3) and negative for AS-DNCE, NAE and NBE (d3, e3, f3); basophils were strongly positive for MPO, AS-DNCE and PAS (c4, d4, g4), weakly positive for ACP and ALP (a4, b4) and negative for NAE and NBE (e4, f4); erythrocytes were negative for ACP, ALP, MPO, AS-DNCE, NAE, NBE and PAS staining (a5, b5, c5, d5, e5, f5, g5); thrombocytes were weakly positive for PAS (g6) and negative for ACP, ALP, MPO, AS-DNCE, NAE and NBE (a6, b6, c6, d6, e6, f6 
| MPO
The heterophils, basophils and lymphocytes of the two cyprinids were positive for peroxidase activity, but monocytes, mature erythrocytes and crucian carp thrombocytes were negative for peroxidase activity.
Heterophils of grass carp as well as basophils of both fish were strongly positive for peroxidase activity, and some thrombocytes of grass carp stained positive, as shown by blue colour occasionally scattered and spreading around their nuclei (Figures 3c1-c6 and 4c1-c6).
| Esterases
For AS-DNCE, positive-stained granules were detected in heterophils, basophils and monocytes in both cyprinids except for mono-
cytes of crucian carp (Figures 3d1-d6 and 4d1-d6). No reactive
granules were seen in lymphocytes, erythrocytes and thrombocytes.
In contrast, NAE and NBE activities were not detected in either of the two cyprinid blood cells (Figures 3e1-e6 , f1-f6 and 4e1-e6, f1-f6).
| Periodic acid-Schiff's reaction (PAS)
Glycogen detected by the Periodic acid-Schiff's reaction was present in the cytoplasm of heterophils, monocytes, lymphocytes, basophils and thrombocytes, but not in the mature erythrocytes (Figures 3g1-g6 and 4g1-g6) . Pre-digestion with salivary amylase showed negative staining with PAS in the positive cells described above.
All control staining with ACP, ALP, MPO, AS-DNCE, NAE and NBE showed negative reactions. The summary of the cytochemical reactions results in blood smears of the two cyprinids is presented in Tables 1 and 2 . Overall, the patterns of cytochemical staining were very similar between the two cyprinids for ACP, ALP, MPO, AS-DNACE, NAE, NBE and PAS reactions with slight difference in the degree of positivity in some enzyme staining.
| Statistical analysis of density mean and IOD
The density mean and integrated optical density (IOD) of positive granules appeared in three types of leukocytes including heterophils, lymphocytes and monocytes were measured and analysed in order to compare the enzyme activity quantitatively. The results showed that ACP and ALP activities in crucian carp were more stronger than that of grass carp while MPO activity was opposite ( Figure 5 ). The value of density mean reflected the degree of activation of enzyme, and the value of IOD reflected the gross amount of activated cells to a certain extent.
| D ISCUSS I ON
The cytochemical characteristics of the blood cells of two Cyprinidae F I G U R E 5 Statistical analysis of density mean and IOD in monocytes, lymphocytes and heterophils of grass carp and crucian carp, respectively. Statistical analysis (t test) showed highly significant differences (***p < 0.001) of heterophils ACP activity (density mean) between grass carp and crucian carp and significant differences in monocytes ACP and MPO (density mean), lymphocytes MPO (density mean) and heterophils ALP (density mean) between grass carp and crucian carp (*p < 0.05, **p < 0.01) phagocytic function, peroxidase, acid phosphatase, alkaline phosphatase and even esterases are involved in the innate immune process (Rieger & Barreda, 2011) .
In our study, MPO was present in heterophils, basophils and lymphocytes, but not present in monocytes in the two cyprinids.
In mammals, researchers found that promonocytes contain peroxidase activity in their nuclear envelope, endoplasmic reticulum, Golgi apparatus and cytoplasmic granules. Monocytes exhibit positive reactions only in their cytoplasmic granules, but most resident macrophages exhibit positive reactions only in their nuclear envelop and endoplasmic reticulum. These results indicate that the peroxidase distribution patterns reflect differentiation or maturation stages of monocytes in mammals (Deimann, 1984) . Our results showed that all leukocytes in grass carp and crucian carp were positive for ACP. In fish, heterophils, basophils, lymphocytes and monocytes can all function as phagocytes, and this is might be one of the reasons for the ACP activity seen in the leukocytes.
Although esterases expressed in various hematopoietic cell lineages are commonly used for identifying mammalian leucocytes, especially neutrophils, they are believed to increase the membrane permeability of neutrophils exposed to bacterial products. In studies of human patients with local and systemic bacterial infections, increased stain reaction to CAE (As-D naphthol esterase staining of chloroacetic acid, AS-DNCE) was detected in the neutrophils. CAE is thought to represent multiple esterase enzymes' activity. Esterase activity of fish blood cells varies with species. For instance, in common carp, which belongs to the family Cyprinidae, AS-DNCE activity was observed only in eosinophils, and NBE was positive in monocytes and some lymphocytes (Tripathi et al., 2004) . In Murray cod, all the detected leukocytes were negative for NBE and were positive for NAE, but only heterophils, basophils and lymphocytes were positive to be an energy source for both aggregatory and phagocytic abilities (Moraes, 2007; Sarah Shigdar & Alister, 2009 ). Thrombocytes are very important immune cells, they recognize pathogens via the toll-like receptor on their cell membrane, and they have phagocytic ability. However, the mechanism for killing pathogens after phagocytosis remains unknown (Langermans, Hazenbos, & van Furth, 1994) . In summary, the enzyme activity tested above plays an important role in immune responses, and the expression pattern in grass carp and crucian carp is similar, with minor differences. These results will help us to understand the function of leukocytes in grass carp and crucian carp in terms of their environmental surroundings. These results also provide a potential avenue for assessing the inflammation status and immune responses of fish. Further investigation of these enzyme activities and their mechanisms are in need, as it will also
give us a basis for understanding the evolution of vertebrate immune system.
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